This study compared locally available adhesive tapes and dressings in a block randomized, blinded study to determine the force required to dislodge a cannula. In the first stage of the study, various tapes and taping methods were used to secure a cannula to a polyvinylchloride (PVC) pipe. The cannula was attached to a section of a giving set which in turn was attached to a dynamic force transducer. The force required to dislodge the cannula, together with the methods of dislodgement were recorded. In stage two the best taping technique for each type of tape was tested by attaching a cannula to the surface of the forearm of an adult male volunteer. Of the tapes tested we found Leukoplast® to be the most effective tape for securing the cannula to the PVC model. On the adult forearm Sleek™ was as effective as Leukoplast®. Orientating the tape parallel to the long axis of the cannula and taping the cannula hub-giving set connection both improved the adherence of the cannula. Under the conditions tested, sterile adhesive dressings and tapes were relatively ineffective in securing the cannulae.
Secure venous access is not only essential for the safe conduct of anaesthesia, but is often of utmost importance outside the operating room. This is even more important in paediatric practice where venous access may be difficult to obtain and the child's activity puts the cannula at greater risk. Each anaesthetist has his or her own preferred method of securing a cannula, although rarely would this have been subjected to controlled testing to compare it against another technique.
We undertook this study to compare locally available adhesive tapes and dressings and commonly used taping configurations to determine how they affect the force required to dislodge a cannula, using a standardized technique. The first part of the trial used a simulated forearm model. The best taping configurations for each type of tape were then tested on the forearm of a human volunteer.
METHODS
The simulated forearm model (Figure 1 ) consisted of a piece of hard polyvinylchloride (PVC) pipe of external diameter 10 cm firmly attached to a bench top. A cylindrical hole was drilled into its upper surface at an angle of 20° to the horizontal, which housed a 22 gauge short intravenous cannula (Insyte, Becton Dickinson, U.S.A.). A standard length of luer lock IV giving set was firmly attached to the cannula hub and standard lengths of adhesive tapes and dressings secured the cannula to the pipe according to the methods described below. The free end of the giving set was attached to a dynamic force transducer with a digital display of peak force in Newtons (Cole-Palmer E-93951-57, U.S.A.). This transducer was held by one of the researchers (PF) who was blinded by a barrier to the method of securing the cannula. The transducer was rapidly pulled away from the pipe in the direction of the long axis of the cannula, thereby dislodging the cannula. The peak force at dislodgement, defining the maximum pullout force, was recorded. The mechanism of detachment was also noted (i.e., whether the tape remained attached to the cannula, to the surface of the pipe, or both, and whether the tape fractured).
In stage two of the experiment, the best taping technique for each type of tape was tested by attaching a 22 gauge cannula to the surface of the unshaven forearm of an adult male volunteer. As for stage one, the blinded researcher rapidly pulled on the force transducer in the line of the long axis of the cannula to detach the cannula from the surface of the forearm. The peak force required for detachment and the mechanism of detachment were again recorded.
The taping techniques tested are as detailed in Figure 2 . Leukoplast® parallel and Leukoplast® perpendicular were also tested with the broad tapes not covering the cannula hub/giving set connection, i.e., the broad tapes were moved slightly distally, relative to the transducer. The tapes tested were Leukoplast® (Beiersdorf, Germany), Sleek™ (Smith and Nephew, England), Tegaderm™ (3M, U.S.A.) and Steri-Strip™ (3M, U.S.A.). The surface area of the tape in contact with the PVC pipe was determined for each taping method.
We tested four different taping methods 10 times each using the PVC pipe. The order of these methods was block randomized using a random number table.
In stage two of the study the same protocol was used for the best taping configuration for each type of tape. The ST (Steri-Strip™ and Tegaderm™ combination) was not tested on skin because of its poor performance on the PVC model. One researcher (DBB) was responsible for all the tapings, and the other (PF) for the dislodgment of the cannulae. Care was taken to be consistent with both taping methods and rate of increase of manual traction.
We used analysis of variance with Duncan's posthoc test to compare differences between taping methods. All significance levels were calculated using Duncan P<0.05.
RESULTS
Stage one showed significant differences between the mean pullout force for the various methods of fixation. The data for the different methods fell into four statistically significantly different groups ( Figure 3 ). Figures 2, 3 and 4 list the abbreviations of the names of the techniques used. Method LPa was the most resistant to displacement, followed by methods LPe and LT. Methods SPa, SPe and TL were moderately resistant and methods LS and ST were least resistant.
Taping methods which covered the cannula hub/giving set connection significantly increased the mean pullout force ( Figure 4 ). There was no correlation between the mean pullout force and the surface area of tape in contact with the PVC surface ( Figure 5 ).
In stage two using methods LPa, SPa and TL, mean pullout forces from the forearm were significantly lower than from the PVC surface for method LPa ( Figure 6 ). The force required to dislodge TLS was significantly lower than that required to dislodge LPaS or SPaS. There was no significant difference however between the mean pullout forces for Structures drawn with a broken line indicate that these are underneath those drawn with continuous lines. Narrow: 10 cm x 1.25cm. Broad: 8 cm x 2.5 cm. Medium: 6 cm x 7 cm. Parallel and perpendicular refer to orientation to the long axis of the cannula. Sandwich indicates placing tape between cannula and skin. A second piece is placed over the first, sandwiching the cannula Steri-Strip: 12 mm x 100 mm.
Trouserleg: 8 cm total length with 3 cm legs methods LPaS and SPaS or between methods SPa and SPaS ( Figure 6 ).
The mechanisms of displacement are shown in Table 1 .
DISCUSSION
The majority of anaesthetists would have experienced accidental peripheral venous cannula dislodgement despite careful attachment with a range of tapes, adhesive dressings and various taping methods. There is little scientific evidence to support one tape or technique over another.
Current Centers for Disease Control practice guidelines concerning management of intravascular cannulae state that sterile dressings should be used to secure a short peripheral intravenous cannula 1 . Many local hospital guidelines agree with this recommendation despite the lack of support by prospective clinical data 2 . It is our clinical impression that sterile dressings alone are less reliable in adequately securing peripheral intravenous cannulae in paediatric patients.
When the type of tape is considered, this study demonstrates that for securing a cannula to a section of PVC pipe, Leukoplast® is the most resistant to dislodgement compared with either Sleek™ or Tegaderm™. Leukoplast ® was equally effective as Sleek™ for securing the cannula to skin under the conditions as tested. The Steri-Strip™/ Tegaderm™ technique, although conforming to N.S.W. Infection Control Association standard 2 , was not as effective in preventing dislodgement in the bench study. Reinforcing Tegaderm™ with a standard length of Leukoplast ® parallel to the long axis of the cannula (without using the Steri-Strip™) significantly improved its resistance to displacement while maintaining sterility, although it was not as effective as Leukoplast ® or Sleek™ configurations.
Sleek™ was as effective as Leukoplast ® on human skin but was only moderately effective on PVC. This may be related to the physicochemical characteristics of the skin microenvironment such as the presence of sweat, hair follicles or increased temperature. In 80% of events using the PVC surface the Sleek™ fractured, compared with only 30% on skin. We therefore postulate the increased temperature of the skin surface reduced the brittleness and therefore fracture rate of the Sleek™ and increased the force required to cause cannula dislodgement. From this study therefore Sleek™ can be recommended for securing cannulae to human skin.
Methods LPa, LS and LT used Leukoplast ®. Of these methods, LS had the greatest surface area but was least adherent. This may be explained by the lack of a chevron, the tape's perpendicular orientation to the cannula and Leukoplast ®'s poor "adhesion to back". This last factor is a measure of the force required to unravel a strip of tape from the roll, and is a measure of its ability to stick to itself.
For Leukoplast ®, orientating the tape parallel to the cannula, as opposed to perpendicular, significantly increased the mean pullout force. This may have less significance because in clinical practice, the direction of force on the cannula is not necessarily parallel to it. One of the limitations of this study is that we only examined longitudinal traction forces, although the almost limitless potential directions of force make it difficult to examine this aspect of cannula taping.
Further strategies to reduce the incidence of accidental cannula dislodgment have been studied. Paint adhesives have been shown to increase the adherence of surgical tape to human skin 3 forearm and disconnecting the giving set prior to patient transfer. However the most secure taping method may be a disadvantage if the cannula requires frequent manipulation and retaping.
Patel et al conducted a similar series of experiments comparing the relative effectiveness of several combinations of North American tapes and taping configurations 4 . They found a positive correlation between the mean pullout force and the surface area of tape in contact with the pipe. Our study found no such correlation. This may be due to the fact we did Patel et al confirmed the significant additional efficacy of adding a chevron and that the greatest mean pullout forces were recorded when the cannula hub/giving set connection was included in the taping.
Patel et al also compared the PVC model with the adult forearm and found that increased force was required to dislodge the cannula from the PVC, compared with human skin, but that the rank for tape types was the same. In contrast we have found that extrapolating data from the PVC model to clinical practice may not always be appropriate.
This study has shown that, of the tapes we tested, Leukoplast® provides the best adherence to PVC, and that Leukoplast® and Sleek™ are equally effective on human skin. Placing the tape parallel to the long axis of the cannula is superior to orientating it perpendicular. Including the cannula hub/giving set connection in the taping method also significantly increases the force required to dislodge it.
